The growing need for more advanced ambulatory monitoring has led to the development of an ambulatory monitor for impedance cardiography (VU-AMD). This paper presents two studies addressing the validity of the VU-AMD. (Matthews et à1., 1986). Most research directed at the reactivity hypothesis has concerned itself with laboratory stressors. However, in the laboratory, attention is almost always focused on acute cardiovascular functioning, applying short-lasting stressors with brief pretask and posttask periods, whereas the association between stress responses and cardiovascular disease might lie in the effects of exposure to more chronic stress or in the recovery and compensatory reactions during the day and night. More chronic changes of this sort cannot be investigated in the laboratory but require ambulatory monitoring.
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The reactivity hypothesis regards hyperreactivity of the cardiovascular system to psychosocial stress as a stable individual characteristic that, when combined with exposure to chronic stress, increases the risk of developing cardiovascular disease, in particular, hypertension (Matthews et à1., 1986) . Most research directed at the reactivity hypothesis has concerned itself with laboratory stressors. However, in the laboratory, attention is almost always focused on acute cardiovascular functioning, applying short-lasting stressors with brief pretask and posttask periods, whereas the association between stress responses and cardiovascular disease might lie in the effects of exposure to more chronic stress or in the recovery and compensatory reactions during the day and night. More chronic changes of this sort cannot be investigated in the laboratory but require ambulatory monitoring.
For some time now, it has been possible to monitor heart rate, heart rate variability, and blood pressure in natural settings.
Spectral analyses of ambulatory heart rate variability allows the identification of several frequency bands, including a highfrequency band and a low-frequency band, which are postulated to index parasympathetic-sympathetic interactions in cardiac functioning (Pagani et al., 1986) . However, the low-frequency band has proved to be a very unreliable index of the sympathetic influence on the heart (Saul, Rea, Eckberg, Berger, & Cohen, For information on the VU-AMD, please contact Eco J. C. de 2TT, UK. 1990 ). It was, for instance, seen to decrease during steady state exercise, although the opposite would have been expected (Kamath, Fallen, & McKelvie, 1991) . A major improvement in this regard would be the ambulatory monitoring of thoracic impedance to calculate the preejection period (PEP) and to estimate stroke volume (SV). The PEP has proved to be a reliable indicator of the sympathetic influence on the heart in pharmacological blockade studies and studies manipulating beta-adrenergic tone by exercise or emotional stress (Harris, Schoenfeld, & Weissler, 1967;  Newlitr, & Levenson, 1979; Sheps, Petrovick, Kizakevich, Wolfe, & Craige, 1982; Sherwood, Allen, Obrist, & Langer, 1986) . PEP is an index of cardiac contractility (Newlin & Levenson,1979) , and changes in PEP during stress are considered to reflect predominantly beta-adrenergic effects of the heart (Sherwood et al., 1986) . SV can be used to calculate cardiac output (CO), which in combination with ambulatory blood pressure monitoring, provides an estimate of the total peripheral resistance (Sherwood et al., 1990) . These variables provide insight into the hemodynamic response pattern underlying blood pressure responses and might provide a more stable profile of reactivity than blood pressure responses alone (Sherwood & Turner, 1 993 ).
Recently, an ambulatory monitoring device (VU-AMD) for thoracic impedance has been developed at the Department of Instrumentation of the Faculty of Psychology and Pedagogics of the Vrije Universiteit in Amsterdani. This paper reports two studies that examine the validity of this instrument for the measurement of interbeat interval (lBI), PEP, left-ventricular ejection time (LVET), SV, and CO. The first study examined the crossinstrument validity of the VU-AMD by comparing cardiovascu-lar parameters simultaneously recorded by the VU-AMD and a standard laboratory impedance device. In the second study,24-hr recordings with the VU-AMD were obtained, and changes in responses due to daily activity were investigated to determine the feasibility of ambulatory monitoring with rhe VU-AMD.
Study I
To determine the cross-instrument validity of the VU-AMD, the electrocardiogram (ECG) and thoracic impedance were simultaneously recorded with the VU-AMD and a standard laboratory impedance device. Measurements were made under varying conditions of physical activity, posture, and psychological challenge to provide an indication of the performance of the VU-AMD. (Zhang et al., 1986 The ECG and ICG of each l -min period were ensemble averaged with reference to the ECG R wave (Muzi et al., 1985) . The averaged complexes of the ECG and ICG waves were used to compute the IBI, the R wave and B point inrerval (RBI), the PEP, the LVET, and the maximal rate of change of impedance (dZ/dt,ro*) according to the method described by de Geus, van Doornen, de visser, and Orlebeke (1990 (Zhang et al., 1986) . However, we found that using the xiphoid makes it easier to estimate simultaneously respiration from the dZ signal, which is an intended future use of the VU-AMD. In the VU-AMD, the ECG signal is relayed into a differential amplifier with I MO impedance and through a bandpass filter of l7 Hz (Q :33). The R wave peak is recognized with a level detector with automatic level adjustment (Thakor, Webster, & Thompkins, 1983) , and at each R wave peak a millisecond counter is read and reset to obtain the IBIs, which are stored continuously. The rest of the ECG signal is discarded. The im- -.4 a oqn-.?ïqoqq\qn 
Gt S +icit^.i jói êi cc.i c.,-; The activity diary invited subjects to describe the activities they had been engaged in during the last 20 min with emphasis on the final 5 min. In addition to the type of activity, they had to indicate their bodily posture (lying, sitting, standing, or walking), and to estimate their subjective stress level on a 4-point scale, ranging from none to severe. Following ambulatory recording, information from the diaries was combined with the heart rate and motility data using a graphical program. This program displayed heart rate and motility simultaneously with a time scale on the x axis, which made it possible to specify the start and end times of the activities more precisely. For instance, if a subject indicated that he walked to the canteen and sat down for a cup of coffee in the interval from I l:00 to I l:15, the graphical inspection of the motility and heart rate signals could be used to set the starr and end of the walking (e.g., ll:02 to 1l:06) and the start and end of the seated period (e.g., I l:06 to I l: lg). All activities recorded in the diaries were classified with,a text de- scribing the type of activity plus a code for posture and movement. Because not all subjects undertook the same activities, various diary entries were grouped together in l5 main activity categories to facilitate comparison across subjects. These categories were sleeping, reading at home, watching television, social interaction at home (e.g., talking to spouse, playing with children, evening meal), general relaxation, drinking coffee/smoking, personal hygiene (e.g., dressing, cleaning teeth, washing), household activities (e.g., cooking, washing dishes), social interaction at work (e.g., meeting with colleagues, clients, or patients, telephone conversations), intellectual work (e.g., reading, wordprocessing, writing), walking, bicycling, traveling on public transport, car driving, and moderate physical activity (e.g., gardening).
Procedure. At the start of the 24-hr recording, subjects came to the laboratory where the experimenter showed them how to attach the vu-AMD and how to fill in the diary. In the event of the VU-AMD emitting an audible alarm, indicating a disturbance in the incoming ECG and ICG signals, subjects were instructed to check their electrodes and, when necessary, to reattach them. After attachment of the vU-AMD, the subjects left to follow their normal routines for 24 hr.
Results
None of the subjects reported discomfort from the device, not even during the night, and although 7 subjects had to reconnect the electrodes, this did not pose any problems. In 5 of the 26 subjects, substantial loss of data occurred due to equipment malfunction. No more than 50Vo of the recordings during the 24-hr cycle could be recovered. In three cases, loss of data was due to electrodes that became loose during the daytime and went undetected in spite of the alarm signal. In two cases, the cause of the malfunction was unknown. Very short interruptions of data recording (< I min) were seen in virtually all subjects, which was due to loose electrodes. Apart from these recording problems, w€ found that no reliable scoring of the B or X points could be done in lTVa of all ensemble-averaged ICG complexes. The identification of the B point, which indicates the onset of the left ventricular ejection, seems to be a pervasive problem in the analysis of impedance waveforms even in the laboratory (Sherwood et al., 1990) . B point identification was even more difficult within field data, because there were more movement and breathing artifacts than is generally the case in laboratory settings. In addition to the B point, in some individuals detec- (Fahrenberg, Foerster, & Wilmers, 1993; Johnston et al .,1993; Pollak,l99l; van Egeren & Sparrow, 1989) and l9t the significance of that relationship for the reactivity hypothesis (Pickering & Gerin, 1990; van Doornen & Turner,lggz It{ote: Only data from sitting or supine perods were used to obtain these average levels.
ICG yielded realistic values of PEP, LVET, SV, and CO in the field, which varied bet\l/een extreme activities, such as sleeping and walking/bicycling, and across different postures. The responsiveness of PEP to psychosocial situations and its correlation with subjective stress suggests that ambulatory monitoring of stress-induced sympathetic reactivity is entirely feasible.
Clearly, more studies using larger samples are needed to draw firm conclusions about the variation of systolic time intervals as a consequence of psychosocial stressors (e.g., those encountered at work). The clear dependence of our parameters on posture and motility poses a major problem for such an undertaking, because psychosocial effects must be disentangled from "mere" physical ones. To deal with this problem, w€ propose the use of an activity diary with frequent sampling. The strategy of the current study seems to be adequate. Fvery 20 min, the subjects were prompted to fill in the diary, with emphasis on the 5 min during which detailed physiological recording had taken place. Diary data were both verified and supplemented by the motility recording as in Study 2. Such recording clearly showed transitions in posture and activity such as standing up, sitting down, and walking.
In spite of the apparently plausible ambulatory levels of SV and CO found in this study, some major concerns remain about the validity of ambulatory SV measurements with the VU-AMD. First of all, w€ have to deal with a restriction that applies to all impedance cardiography-derived SV; namely, that the estimation is valid only in persons with structurally normal hearts (Sherwood et al, 1990) . This seriously hampers the use of our instrument in a clinical setting. A second problem may be the use of spot electrodes instead of band electrodes. With regard to systolic time intervals, the spot electrode method yields results entirely comparable to the band electrode method (Boomsma, de Vries, & Orlebeke, 1989) . This finding was replicated by Sher- wood, Royal, Hutcheson, and Turner (1992) who, however, reported a fairly low correlation for CO values derived from band and spot electrodes (.47-.65). One could argue that these moderate correlations reflected the fact that spot and band electrodes were not tested simultaneously but one after the other.
The latter introduces poor temporal stability of SV levels as a possible confounder of the spot versus band electrode compar-G.H.M. Willemsen et al. ison. In favor of spot electrodes, Zhang et al. (1986) showed that this method yielded SVs comparable to those estimated by CO2 rebreathing. However, others have refuted these results (Patterson, Wang, McVeigh, Burns, & Cohn, 1993) , and most of the invasive validation of the impedance-derived SV determination has been undertaken using band electrodes. The consensus seems to be that the spot electrode method still needs to be tested more rigorously (Sherwood et al., 1990) . Third, some deterioration of SV estimation during high heart rate conditions may arise from the 30 Hz filtering of the dz/dt signal (Hurwitz et al., 
